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(54) Manufacture of paper 

(57) Paper is made by forming a thick stock cellu- 
losic suspension, flocculating the thick stock by adding 
a relatively high molecular weight and relatively low cat- 
ionic charge density polymer, diluting the flocculated 
thick stock to form a thin stock and then draining the thin 
stock to form a sheet. Usually coagulant is added to the 
thin stock before drainage and best results are achieved 
by adding coagulant followed by anionic colloidal mate- 
rial such as bentonite. The process can be operated to 
give good retention and good formation and, if the thick 
stock is dirty, to minimise pitch problems. 
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Description 

[0001] This invention relates to the production of paper which may be filled or unfilled and may be lightweight or 
heavyweight. The paper may be, for instance, paper board. 

5 [0002] It is standard practice to make paper by forming a thick stock cellulosic suspension from at least one thick 
stock-component cellulosic suspension, diluting this to form a thin stock, passing the thin stock towards a drainage 
screen through various items of apparatus such as a fan pump and/or a centriscreen, and draining the thin stock 
through the screen so as to form a sheet, which is then dried. The thick stock is usually made by blending several dif- 
ferent thick stock-component suspensions. The thin stock and the resultant paper may be unfilled, but generally filler is 

io included. 

[0003] It is standard practice to include various polymeric materials and other additives during the process. For 
instance it is known to add to the thick stock polymeric materials variously described as pitch dispersants, pitch fixatives 
or runability aids. The term "pitch" is used as a generic term to refer to a variety of sticky materials that may be naturally 
occuring with the paper making fibres or that may be added as a result of, for instance, recycling waste paper that 

is includes polymeric binder. 

[0004] Pitch dispersants are low molecular anionic compounds that keep the pitch in dispersion. In view of the 
increasing tendency to recycle the drainage white water, this can lead to an unacceptable build up of dispersed pitch in 
the white water. It is therefore more common to include pitch fixatives or runnability aids. Pitch fixatives are intended to 
cause the pitch, while still in very fine dispersed state, to be deposited onto the paper fibres so as to prevent its accu- 

20 mulation in the suspension and its non-uniform and undesirable deposition as relatively large lumps on the paper or on 
the paper making machinery. Since the components of the pitch are generally regarded as anionic and since the paper 
making fibres are generally anionic, conventional practice has been to use, as pitch fixative, polymeric material having 
the highest possible cationic charge. 

[0005] In practice, suitable polymers having maximum cationic charge (for instance being homopolymers of cationic 
2S monomer) all usually have a relatively low molecular weight, typically having molecular weight such that intrinsic viscos- 
ity is below 2, and often below 1 , dl/g. Accordingly, the pitch fixatures that are conventionally used are low molecular 
weight, high cationic charge, polymers. Examples are polyethylene imine and polyDADMAC (diallyl dimethyl ammo- 
nium chloride homopolymer). The use of these low molecular weight polymers is reasonably convenient since they can 
be supplied as solutions that are easy to store and use. Accordingly the use of such polymers does not necessitate the 
30 provision of bulky dissolution apparatus such as is required when high molecular weight f iocculant polymers are used 
as retention aids later in the system. 

[0006] It is also known to add various other materials to promote pitch fixing. For instance bentonite is sometimes 
added to the thick stock for this purpose. The use of a low molecular weight polymer in combination with bentonite is 
described in W093/13265 and, for low molecular weight polymers of a particular molecular weight, in EP 586755. 

35 [0007] There have been several recent proposals to improve pitch fixing or other properties by adding cationic pol- 
ymers of DADMAC at various positions. Some such disclosures mention adding polymers to the thick stock wherein the 
polymers can fall within a wide range of molecular weights and cationic charge densities and so embrace high molec- 
ular weight polymers. In practice, however, the disclosures which relate to pitch fixing tend to be exemplified solely by 
the use of polymers which have high charge density, for instance above 3meq/g and low molecular weight, for instance 

40 intrinsic viscosity below 4dl/g. 

[0008] Examples of relevant references includes CA 2,102,742 and U.S. 5,098,520, 5,185,062, 5,256,252, 
5,266,164 and 5,292,404. 

[0009] Although high cationic, low molecular weight, polymeric materials can serve as runnability aids and pitch fix- 
atives, it is generally preferred to use them only when pitch or runnability problems are serious. This is because the cat- 

45 ionic nature of the polymers can have an adverse effect on the brightness of the paper and because of the cost of the 
material that is used. We believe that part of this cost is wasted in the sense that we believe a significant proportion of 
the cationic polymeric pitch fixative does not serve to fix the pitch to the paper fibres but is, instead, absorbed into the 
paper fibres where it exerts little or no useful effect and may promote the deterioration in brightness. 
[0010] It would therefore be desirable to be able to minimise pitch and runnability problems in a more economic 

so manner and with reduced damage to brightness. 

[001 1 ] Some paper-making processes are conducted with the addition of an inorganic cationic coagulant (alum) to 
the stock but many processes are conducted in the absence of alum. A retention system comprising a polymeric reten- 
tion aid is added during most paper-making processes. The polymeric retention aid causes flocculation of the cellulosic 
fibres and conventional thinking dictated that the amount of shear applied to the floes should be minimised if optimum 

55 retention performance was to be obtained. In practice the polymeric retention aid and other components of the retention 
system are normally added to the thin stock and serve to promote retention, in the wet sheet, of fibre fines and any filler. 
This reduces the amount of cellulosic material and filler that drains through the screen. The retention system tradition- 
ally consisted of a single point addition of high molecular weight polymer immediately prior to the drainage screen, but 
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various multipoint retention systems are also known in which cWerent materials are added to the thin stock at different 

Ssnn onn E r;i; 235893 i r^ Cribe * SySt6m in wWch 3 Synthetic po,vmer <* weight 

above 500,000 (and generally .V above «Wg) is added to cause f lobulation of the suspension, the flocculated suspen- 

soe* °h T' n9 50 35 10 ^ UCe thef ' OCS t0 miCr0f, ° CS ' and ben,0nHe is then added - » is «P«n- - "e 
XS^T h ' S 9 . r 3dded *° the ** ° r With the di,ution tha * is — to convert the 

15 ^ th3t thG St0Ck may a ' ready COntain 3 lengthening agent, often a cati- 

SUfL VTE^ ° f E L 235893 h3S b66n Wid6,y commer «alised as the Hydrocol process (Hydrocol is a trade 
r™ 9 Tat^ 

hT«L in E r- A_335575 SimNar processes ' but in which a '°w Ocular cationic polymer is included 

252 Jul P 0 ^" 16 ' 15 3dded - h iS Stated tha1 ' inter alia - tnis wou,d r «luce pitch problems 

oSwL J^SZZZZ!^ 3 bW m °' eCUlar W6i9ht P °' ymer f0ll0wed by a hi 9 her molecular weight polymer 
U S 5J26 01 4 an ' 0niC miCr0 ' particu,ate < colloidal > material a '* known and a typical disclosure's in 

[0016] The thick stock used in papermaking is generally formed from several pulps. Each pulp is generally free of 
T27ZTr HOW ^ r ha r e deSCTibed and in EP-A-335575 presses in ITLTJn. 

H? a 1T£ P £ ' mpr °u bV ,ncludin 9- a hi 9 n molecular ^ight polymeric drainage aid in the suspension that is 
tZTZT P P H ° WeVe L this P0 'y mer addition wi » c °*ibute nothing towards solving the runnability or ron- 
ton problems of a suspens.cn made from such pulp. For instance floes formed in the pulp will be degraded by the resus- 

\ ^ ? ^ t0 ? ntnbUte ,0 S ° ,Ving runnability prob,ems due t0 the bui,d " u P ° f P** and stickies derived 
from recycled broke or other chemical additives and which build up in the recycled water, particularly in closed miN sy^- 

2S ra to It^f"*! t0 1 6 ' 601 3 re,enti ° n SyStem 50 as to 9ive the °P timum blend of mention, drainage rate, 
S^S^^^? 3 Pr3CtiCe ^ Pr ° CeSS reqUir6S Se ' eCti0n °' 3 ««V«*e between the conflict: 
ess 2nd Z tn ^Z n^tT en T F ° r inStanC6 ' a ' ,h0U9h " iS 9eneral,y P0ssible to select materials and P™- 
S d l° S H t0 ff . * f " 3 9 00dbalance °* P^P^ties by the Hydrocol process, on some mills and with some slocks it 
andn? n t p ? " Pr0dUCt qua ' ity ("formation") when obtaining optimum retention, drainage rate 

and drying rate. Formation ,s an indication of the distribution of fibres within the sheet. H the fibres are present as floes 

ZZSZET TT l have rather high porosity (due t0 uneven densrt * within the she «> ^ to "a": 

h P a Pf r - makin 9 Processes may tend to give good formation, but at the expense of inferior performance 
properties such as retention or drying rate or drainage rate. 

JUULe ^ Ch ' h and maintainin 9 an °P timum bala "oe of properties is becoming increasingly difficult as a result of 
STSEl^i "T 635 '" 9 T UntS ° f r6Cyded PaP6r ' ° Pti0nal,y aft6r deinkin 9' and cl ° sin 9 the mill 

7rrtl nr 1! H ! ♦ f ° r Pr ° l0n96d P6ri0ds at the mMI and 50 is liable to accumulate a high elec- 

trolyte or other impurrty content. These trends also result in increasing pitch problems 

K2Ln^E£ bS dSSirable *° provide a new mention system that easity allowed a better or different combination 
of retention drainage drymg and formation properties than is easily obtainable in the Hydrocol process, and in partic- 
u.ar ■ would be desirable to provide such a retention system that allowed the easy attainment of better formation whife 
maintaining s.mi.arretention and/or drainage and/or drying properties, or whic^ allowed rr«intenance of satisfertoryfo; 
matjon while giving improved retention and/or drainage and/or drying properties 
[0021] According to one aspect of the invention, we make paper by a process comprising 

forming a thick stock cellulosic suspension having a solids content of at least 2.5% by waght from at least one thick 
stock component cellulosic suspension having a solids content of at least 2 5% by weight 

ILTtlSl^ T* ^ ^T 9 10 the thiCk StOCk ° r to at least one "** component suspension a syn- 
thetic, substantially water soluble, first, polymeric material having intrinsic viscosity of at least 4dl/g 
diluting the flocculated thick stock to form a thin stock having a solids content of not more than 2% by weight 

SSJ? l 9 ,r e J ti H St ° C, l b/ addi " 9 10 thin StOCk 3 COagulant selected from an inor 9 anic «»9ulant and/or a 
second, water soluble, polymeric material having intrinsic viscosity of less than 3dl/g 
draining the coagulated thin stock through a screen to form a sheet 
and drying the sheet. 

S, 0221 th H 1 "!' P '° CeSS ' the WC * 8l0Ck iS initially f ,occula t«l. these floes are inevitably subjected to degrada- 
tion as the thick stock ,s diluted to thin stock and the thin stock is passed towards the screen and this suspension is 
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coagulated before drainage. By saying that it is coagulated we mean that the suspended material is aggregated into 
relatively small dense floes, in contrast to the large floes that would be obtained if a conventional high molecular weight 
polymeric retention aid (for instance intrinsic viscosity above 4 and generally above 8dl/g) was used. 
[0023] Sufficient coagulation may be attainable merely by the addition of inorganic coagulant and/or the low molec- 
ular weight polymeric coagulant, but generally it is desirable to achieve the state that is now frequently referred to as 
"supercoagulation" by adding anionic colloidal material to the thin stock after the addition of the inorganic and/or poly- 
meric coagulant. Thus the preferred process according to the invention comprises adding to the thin stock the inorganic 
coagulant and/or low molecular weight water soluble polymeric coagulant and then adding the anionic colloidal mate- 
rial. . . 
[0024] Such processes can be operated to give good retention and drainage and drying properties accompanied 
by good formation. In particular, the process of the invention gives the opportunity of achieving better formation than is 
obtainable with some known retention systems while maintaining equivalent retention and/or drainage and/or drying 
properties, and it allows the attainment of improved retention and/or drainage and/or drying properties while obtaining 
equivalent or better formation. Additionally, if the thick stock would, in the absence of the first polymer, tend to result in 
the process incurring pitch deposition or runnability problems, then the process has the advantage of additionally min- 
imising these problems. It achieves this without the disadvantage of damaging the brightness of the sheet too much. 
[0025] In addition to providing improved formation whilst maintaining satisfactory or good retention, a further advan- 
tage of the process is that it can easily reduce pitch problems. Thus the addition of the high molecular weight polymer 
to the thick stock will normally reduce pitch problems by acting as a pitch fixative in the machine chest or other place 
where the high molecular weight polymer is incorporated into the thick stock. 

[0026] One way of observing decreased pitch problems is to observe the filtrate turbidity of the flocculated thick 
stock as explained below, and the process of the invention will normally result in reduction, and usually in significant 
reduction, of the filtrate turbidity of the flocculated thick stock. Accordingly it is preferred that the high molecular weight 
polymer and the amount that is used, in the thick stock are such as to give this effect. 

[0027] The invention also includes processes in which pitch problems are reduced irrespective of the particular 
retention systems, if any, which are utilised on the thin stock. 

[0028] Accordingly a second aspect of the invention includes a process in which paper is made by a process com- 
prising 

forming a thick stock cellulosic suspension having a solids content of at least 2.5% by weight from at least one thick 
stock-component cellulosic suspension having a solids content of at least 2.5% by weight, 
flocculating the thick stock by adding to the thick stock or to at least one thick stock-component suspension a syn- 
thetic substantially water soluble, f irst, polymeric material having a theoretical cationic charge density of less than 
3 meq/g and intrinsic viscosity of at least 4 dl/g, preferably in an amount that significantly reduces filtrate turbidity 
5 of the flocculated thick stock, 

diluting the flocculated thick stock to form a thin stock having a solids content of not more than 2% by weight, 
draining the thin stock through a screen to form a sheet, 
and drying the sheet. 

o [0029] The process generally includes adding a retention promoter system to the thin stock before drainage, and 
this retention promoter system is usually selected from (a) adding a polymeric retention aid selected from synthetic pol- 
ymers having intrinsic viscosity above 4dl/g and cationic starch, (b) adding anionic colloidal material (usually immedi- 
ately before draining), (c) adding a polymeric retention aid selected from synthetic polymer having intrinsic viscosity 
above 4dl/g and cationic starch followed by anionic colloidal material (generally immediately before draining), (d) a 

5 coagulant selected from inorganic coagulant and water soluble polymeric material having IV less than 3dl/g and (e) a 
coagulant selected from inorganic coagulant and water-soluble polymeric material having intrinsic viscosity of less than 
3dl/g followed by anionic colloidal material. The preferred processes are (d) and (e), especially (e) since such proc- 
esses combine the benefits of good retention, good formation and minimum pitch problems. 
[0030] In this specification, intrinsic viscosity is measured at 25°C in 1 M sodium chloride buffered at pH7 using a 

;o suspended level viscometer. 

[0031 ] In this specification theoretical cationic charge density is the charge density obtained by calculation from the 
monomeric composition which is used for forming the polymer. 

[0032] In this specification dosages of polymer or other materials that are expressed as a percentage are 
expressed as percentage dry polymer based on the dry weight of the suspension that is being treated, and so 0.01% 
;5 dosage represents 1 00 grams dry polymer per 1 tonne dry weight of suspension. 

[0033] In this specification, filtrate turbidity is the turbidity of the filtrate obtained by filtering the flocculated suspen- 
sion through a fast filter paper, followed by measuring the turbidity optically in a clean cuvette in a turbidity meter that 
operates on the diffused light double beam principle (such as a Dr.Lange turbidity meter) and which expresses the 
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result in NTU. 



[0039] The flocculant polymer can be used as the only pitch fixative or runnability aid in the orocess but it ran 
[0042] In one process, improved retention k achieved by the use of a single component polymeric retention aid at 
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a later, thin stock, stage in the process, for instance just before drainage, e.g., after the last point of high shear For 
instance polymeric retention aid can be added just prior to or at the headbox. This polymeric retention aid is usually a 
synthetic polymer which generally has IV at least 4dl/g. It may be anionic, non-ionic or cationic. Routine experimentation 
will establish which type of polymer gives best results on the particular thin stock. For instance if the thin stock has a 
relatively high cationic content then it may be appropriate to use a non-ionic or anionic polymeric retention aid but oth- 
erwise a cationic retention aid is generally preferred. Although high IV synthetic polymer is preferred, cationic starch can 
be used in place of some or all of the synthetic polymer. 

[0043] Instead of using polymer alone, it can be used in combination with other materials. For instance bentonite or 
other anionic particulate material may be added to the thin stock or to the thick stock, generally after f lobulation of it, 
and the polymeric retention aid may be added subsequently. Again the retention aid may be anionic, non-.on,c or cati- 
onic Such a process using substantially non-ionic retention aid is described in EP-A-01 7353. In a variation or , this proc- 
ess as described in AU 63977/86, a highly cationic polyelectrolyte, generally of relatively low molecular weight, may be 
added after adding the bentonite and before adding the final polymeric retention aid. O , onnocrt n at lMet 

r0044] In another variation of this process, as described in unpublished European application 94300260.0 at least 
one thick stock component contains filler and the filler is coagulated with the fibres in that component suspension by 
adding cationic coagulating agent to the suspension containing filler and fibre, followed by the addition of the anionic 
particulate material such as bentonite and then the polymeric retention aid. In all these processes, the final retention 
aid generally has IV at least 6dl/g and is generally a substantially water-soluble polymer formed by polymerisation of 
acrylamide or other water-soluble ethylenically unsaturated monomer optionally with ethylenically unsaturated cationic 
monomer and/or anionic monomer. . 
[0045] Instead of adding polymeric retention aid as the retention system, it is sometimes possible to obtain good 
esults merely by the addition of anionic colloidal material, for instance after the last point of high shear to which r*e thin 
stock is subjected, typically at or close to the head box. This can give good results especially when the polymer that 
was added at the thick stock was cationic polymer present in sufficient excess ™^im^V«**^™ 
; approaching the drainage stage have a sufficient cationic charge to interact with and be flocculated by the anionic col- 
loidal material. Suitable anionic colloidal materials are described in more detail below. . _ 
[0046] Although the invention has the advantage of permitting reduction in pitch problems, it should be understood 
that the preferred aspects of the invention are aimed at achieving good formation and retention irrespective of pitch 
problems and are, in particular, processes (d), or preferably (e) above. Thus in such processes the thick M rrcy be 
, a material which does not require this pitch fixative addition. For instance the thick stock may have ibNnirt^ 
clean stock components having low tendency to deposit pitch or other components which will art as pitch fixatives may 
be included in the thick stock. For instance cationic starch or conventional low molecular weight, high cationic, poly- 
meric pitch fixatives may be included in a dirty thick stock or thick stock component such that the thick stock does not 
suffer from significant pitch deposition problems. 
5 [0047] When pitch problems do not dominate the considerations for the amount of polymer that is to be added to 
the thick stock, the amount can be selected having regard primarily to the requirements of the later stages of the proc- 
ess rather than having regard to the filtrate turbidity of the flocculated thick stock. For instance rf the retention system 
that is being used performs best when the thick stock has been treated with an excess of cationic high molecular weight 
polymeric material then the amount of this material may be signif icantly above the amount required for minimum f.ltrate 
o turbidity and the filtrate turbidity of the flocculated suspension may be almost as much as the iltrate turbidity of the sus- 
pension in the absence of the polymer. Generally, however, the amount of polymer should st.ll fall within the ranges dis- 
cussed above in the context of filtrate turbidity. «f.i~ — 
[0048] In the process of the invention, the final paper may be filled or unfilled. If it is filled, the amount of filler can 
be from, for instance, 2 to 60%, often 10 to 60% by weight of the solids content of the sheet. Any of the 
, S fillers can be used. Some or all of the filler can be introduced by the use of recycled paper Some or all of the : He -can 
be included in the thick stock. The solids content of the thick stock is generally not more than 7% and is usually in the 

[0049] 2 ' 5 ^sourceoHhe cellulosic component of the suspension can be recycled paper or any convenient pulp, for 
Lance mechanical, thermomechanical or chemical pulp. The pulp may be relatively pure or rt may be > a relatively 

so crude pulp. It may have been generated by redispersing a dried pulp or, in an integrated ^^T^ZZo 
ated by a previous pulping stage at the mill. The pulp, or the dried pulp, may have been made by the use of a dewatering 
aid but usually it is free of polymeric material when it is introduced as a thick stock component or as the thick stocky 
[0050] The thick stock can be provided from a single component suspension but usually is made by blending two 
or more thick stock component suspensions. 

55 [0051 ] In the invention the first polymeric material is added to the thick stock, or to one or more of the thick ^stock 
components, in an amount sufficient to substantially completely flocculate the thick stock, for mstance as indicated by 
reference to filtrate turbidity (all as discussed above). The first polymer may be added to each th.ck stock component 
but frequently the first polymer is added to the total thick stock, for instance in the thick stock mix.ng chest or holding 
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chest. Alternatively it can be added in the pulper 
[0052] tu 
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but preferably the polymer is added to the thick stoTonhicTstocl C T ' f ^ * in the •** -S. 

[0053] The first polymer has intrinsic viscosity fsusoenri^T! L P 336 emuls,on form of the first polymer 

- So^rsc^ 

rat* monomer 0^^^^ 

on, c monomer in an amount such that the theoreS^ 

fnn^ e c n0t ^ than about 2me ^9- Genera? ^S^?^"* ^ * TOt m0re than abou * 3m ^9 
[0055] Surtable cationic monomers are dialky amino % t " ° f m ° re USUally about o s - m eq/g. 
* m 53 £7' Preferab ' y - quaternary " " <meth) acr ^^es^ener a ..y as 

am-noalky. group may contain 1 to 8 carbon Joms P^T^J^ 00 ^ 1 t0 4 ^rbon atoms and the 

- ° f SnT ic r omer is usua,,y at ■«* a ~s r * e ;r omere - — * *• 

Z * ^r 068 may be up t0 25 01016 P^cent but general v is It^L £ o?" The am ° Unt of cationic ™™"er 
more than 10 mole percent. Quaternised diallyl diaSl monnmlc t * han 20 mole P ercent a "d is frequently not 

MAC), can be used provided the proportions i SiZST * V dimethyl am ™™m chSideToAD 
tSSt h ' 9 T ' V re ' atiVe,y l0W ^ens^ P 0 ^ 6 "**™ concMons are such that the final polymer has th e 

[0058] in some instances, the charactPrktir-e «,„ , 

that satisfactory f .occu.ation can be ^SSS^^ZS^ ■ * e,eCtr0,yte content > « such 

omers such as 1 to 3 mole percent sodium acrylate) o an anion > 9 f' ely ° f nor, - ionic mon ^er and impurity mon- 

ymer g.ves the best f lobulation P*fcrmani « SS^^ h ^ ym ' ,S ' S ° 35 10 determine whi <* type SpS 
othesubsequemrequirementsoftheaddrtion^ 

soluble polymer, for instance as described in EP 202780 SWe " ab,e P °' ymer P*^ 65 below 1^ and water 

some resuspension of fibres. The dilution ft, Ztencel h !35 Y f"? deaTadation ° f the initial floes and possibly 
mg a solids content of 0.3 to 2%. ^ Whrte water f ™ the wire, generally gives a thin 5S*!Z 

effect of causing the ffcres ^^S^^ 1 " J^nse of denoting any materia, that has the 

eve n rfthere ,s no visible aggregation prior to the addition n?£! V '° be m ° re ^P^e to super coagu- 
[0064] The coagulant that is added can be an inorln 6 an '° nic co,loidal nrwtorial. 

s.gn rflra m bridging fiocculation of the type that isTn^ 
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tt» properties that are desired. The inlnnsrc vrscos«y « no ™»^™£<rm** *» "to"*"*" "*P 01 *" 

essee of .he invention » ia desirable to. the ^^ Jnio^Sal materia.. Accordingly in many processes ,. 
, microlloca and suspended aolida before .he add*on » ia generally P-etemed to. ma catronrc 

S^r^mar^ 
5 generally at leaat 90%. are oatromc. Pre. err ^^™^3Seierably below 10%) acrylamide. homopolymara of 
copolymers 0. mia witb a minor amount <^ b £^^JS d addition salt and copolymers oi these with 
dialkylaminoalkyl (meth) .acrylam.de « o°ylamide, polyethylene iminea. polyamines, eprchjo- 

" ^^nKotu^cauoniccoag^^ 

minium chloride, ferric sulphate and feme cn ' oride . ^ to the use of a n excess amount of cationic 

25 t0068] If the thin stock has too high a C ^ C ^ 1 J^^ 1 ^ about by neutralising some of the cat- 
starch or an excess amount ^^^'^S^^ ™ nic anioniC 
ionic charge by adding an.on.c material Surtab le a none coagu low molecular weight, water sol - 

polyphosphate, polyphosphonate and ^^^^^^^1^ anionic monomer. For instance a 
uble. polymers of ethy.enica.ly unsaturated "J^^rtuS anionic monomer) either as a homopolymer or 

30 suitable polymer is a polymer of sod.um acrylate (or other ™£™V annydnde . The molecular weight of poly- 
^pCymSL with, for instance 0 to "^^£^£££2^ below 2d./g and most usually 
meric anionic coagulants typically is such that intrinsic viscosity * chroma togr a phy, the molecular we.ght is usu- 
below 1d./g. Expressed as mo.ecu.ar weight ^^Z^^ » * * *i 2 10 10 ' 000 - " Sh ° h U,d 

Lt it has high conductivity, then best results "^J^S^Si polyethylene oxide and polyacrylamid^ 
ymer that provides coagulation ^^JS^^^SS^naH. a^d so again mo.ecu.ar weight measured 

40 The molecular weight must be such that the aggregates are rasomuy pre f er ably below 3dl/g. 

SToPC is preferably below 1 million or 500.000 and amount of coagulant will be 

[00 70] When inorganic coagulant is ^JJ^^^ 8 ^ to 1% When second polymer isbeing used, 
selected by routine experimentation and _w.ll generaM -be , east 003 %, dry weight based on the dry 
the amount of second polymer is usually ratleas £01* ^J^J J 0 .g^ MI , B « lt ^b^ai%.Pi* 

45 weight of the suspension. It can be up to 0.2% or a ^£?^S^Si e t0 tne naked eye. 

ha. doaa no. detract unacceptably from toe " '^^^below l pm. and moa. preferably below 

55 aion. praterably having an average t«%^^J*2£C*. copolymer of, to, instance, awaler-solubie 
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[0074] Preferably, however th* 
WW ^ ben*,* or SS,^— » *. M eh«° "« «"« an,, 



r0O77i Tu ' . 6 Sus P en sion can 
[0077] The following are examples. 

Exarupjfij 



10079] 250CC of stock tbmted I™, TOP „ . . ^S-eshtpCymer. the tolling 

(0081J In this lesl . m " J ? "™ "ff ,eas '"9 «lu« indicate improve 1 ,31 „ 65 tawr b "9"l"ess. Fil- 

s r:::n:r — • — • 

a — :rrr — - — > 
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Table 1 (continued) 




RUate~Tu76idl^ 




61.3 I 


- 0.15 


60.15 


1.0 


60.4 


0.75 


60.95 


0.2 


60.25 


0.9 


60.75 


0.4 


60.55 


0.6 


60.35 


0.8 


60.25 


0.9 


60.05 


1.1 


60.05 


0.65 


60.05 


1.1 




35 ulants A and B. 



Exame!§-2 nanor and writing quality paper and hav- 

various cornbinMions - coajutoJA ^ viscosity 7(JW . and b«*™* ^ ^ a large angle 

W i acrylale ^*iS sB *. « was in each instance ■JWfS ST" «as subsequently 

l0 0891 All mixing, sheanng and relermo , USDension was subjected to vac- 

250nm screen wire. Derc entage in conventional manner. The ««P™V slower drainage), 

• HrSE^- 

are similar to the processes described in EP-A-2358* 
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SSj ^ T^l^^^^:^^- f — • * stock (as EP 
lowed by coagulant and/or bentonrte to the thin sta* Z£T££? tZT ^ * a * led t0 1,16 thick stock f °'" 
wherem coagulant polymer is added after the flocculant po^er has been SSUfT ° f 1,16 Pr ° CeSS ° f EP 235893 
a process according to EP 335575, where coagulant SC^E^T^ * StOCk ' 3nd Tab,e 5 show = 
rpless 0 ™---— - 
Enthe^ 

processes and that the improved formation is m^S^!Z^TS ( " ^ P) tha " any of the «*« 
partojlar. in the preferred process using ftoSS^^T:"' S °"* a " d draina 9 e values ln 
thm stock the results show improved formation, ta^^^^^^ p0 ^ f0,lowed by be "tonite h the 
drainage performance is commercially acceptable. S S 1, *f "** Th6 Sma " decrease in 
paper-making machines. ' ay De desirable in some modern high speed, high shear, 
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Table 4 



( (E then A then Bentonite) 




E 


A 


Bentonite 


AP 


Pad Solids (%) 


Vacuum Drainage (sec- 
onds) 


600 


500 


4000 


16.0 


30.4 


8 


600 


750 


4000 


16.25 


30.9 


8 


600 


1000 


4000 


17.0 


30.8 


10 


600 


1500 


4000 


16.0 


31.1 


10 I 





1 A process for making paper comprising 

.orminga^icKstocKcelMosic suspension haV inga^ 
thick stock component cen^^ 

flocculating the thick stock by adding to^e thick s f intrjnsic viscosity of at , e ast 4 dl/g, 
synthetic, substantially water soluble .first, pdymenc m ^tenai nav g ^ ^ ^ m 
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meq/g. 

3. A process according to claim 1 or 2, in which the coagulant is a polymer of diallyldimethyl ammonium chloride. 

4. A process according to any of claims 1 to 3 in which anionic colloidal material is added to the thin stock after the 
coagulant and before drainage. 

5. A process according to claim 4 in which the anionic colloidal material is added to the thin stock before drainage. 

6. A process according to claim 4 or 5 in which the anionic colloidal material is an inorganic swelling clay. 

7. A process according to claim 1 in which polymeric retention aid is added to the thin stock before drainage. 

8. A process according to any preceding claim in which the amount of first polymer that is added is an amount suffi- 
cient to reduce filtrate turbidity of the thick stock to below 50% of the turbidity in the absence of the polymer. 

9. A process according to any preceding claim in which the amount of the first polymer is at least 25% of the amount 
that gives optimum filtrate turbidity of the thick stock. 

10. A process according to any preceding claim conducted in apparatus utilising one or more of a pulper, thick stock 
mixing chest and thick stock holding chest, and the first polymer is added to one or more of the pulper, holding 
chest and mixing chest. 
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